Global warming is expected to intensify the Earth's hydrological cycle and increase flood and 11 drought risks. Changes over the 21st century under two warming scenarios in different 12 percentiles of the probability distribution of streamflow, and particularly of high and low 13 streamflow extremes (95 th and 5 th percentiles) are analyzed using an ensemble of 14 bias-corrected global climate model (GCM) fields fed into different global hydrological 15 models (GHMs), to understand the changes in streamflow distribution and simultaneous 16 vulnerability to different types of hydrological risk in different regions. In the multi-model 17 mean under RCP8.5 scenario, 37% of global land areas experience increase in magnitude of 18 extremely high streamflow (with an average increase of 24.5%), potentially increasing the 19 chance of flooding in those regions. On the other hand, 43% of global land areas show a 20 decrease in the magnitude of extremely low streamflow (average decrease of 51.5%), 21 potentially increasing the chance of drought in those regions. About 10% of the global land 22 area is projected to face simultaneously increasing high extreme streamflow and decreasing 23 low extreme streamflow, reflecting potentially worsening hazard of both flood and drought; 24 further, these regions tend to be highly populated parts of the globe, currently holding around 25 30% of the world's population (over 2.1 billion people). In a world more than 4 degrees 26 warmer by the end of the 21 st century compared to the pre-industrial era (RCP8.5 scenario), 27 changes in magnitude of streamflow extremes are projected to be about twice as large as in a 2 28 degree warmer world (RCP2.6 scenario). Results also show that inter-GHMs uncertainty in 29 streamflow changes, due to representation of terrestrial hydrology, is greater than the 30 inter-GCMs uncertainty due to simulation of climate change. Under both forcing scenarios, 31 there is high model agreement for t increases in streamflow of the regions near and above the 32 2 Arctic Circle, and consequent increases in the freshwater inflow to the Arctic Ocean, while 1 subtropical arid areas experience reduction in streamflow. 2
Introduction 3
Floods and droughts, the natural disasters with the highest cost in human lives ( The two-sample t-test (Snedecor and Cochran, 1989 ) is used in this study to quantify the 27 statistical significance level of difference between the means of the 20C and 21C streamflow 28 time series (refer to supplementary materials). The percentage of land area with statistically 29 significant change (at 95% confidence level) is reported. The affected population is 30 calculated using the Gridded Population of the World (GPW) data from the Center for (Figure 3 and 4) . 27 The shadings in Figure 4 (inter-GHM uncertainty) is broader than in Figure 3 (inter-GCM 28 uncertainty), which shows that the GHMs contribute to higher rate of uncertainties in 29 streamflow change projections than GCMs. As seen in Figure 3 Under the low radiative forcing scenario (RCP2.6), 45.4% of global land area shows 27 increase in high extreme in the multi-model mean and 36.4% shows decrease in low extreme, 28 indicating more land area exposed to increasing flood hazard compared to to drought hazard. 29
Results and Discussion
The high radiative forcing scenario (RCP8.5) projections show the opposite outcome, with 30 increased high extreme streamflow in 36.6% of global land area and decreased low extreme in 31 43.2%. Unlike the RCP2.6 scenario, the RCP8.5 scenario projects more land area exposed to 32 increasing drought hazard compared to flood. Moreover, changes in streamflow extremes arelarger in magnitude in RCP8.5 compared to RCP2. 6 Table  3 3). Under RCP8.5 scenario, change in high and low extremes in 54.0 and 64.9%, respectively, 4 of the global land area is statistically significant. The significance fraction is lower for the 5 RCP2.6 scenario (38.4 and 53.8% of global land area in high and low, respectively). The 6 significance percentage is calculated for the multimodel-averaged streamflow time series in 7 21C compared to 20C, and the percentages for each individual model may be different. 8
Under RCP8.5 scenario (and similarly in RCP2.6), nearly 9.6% of global land areas show 9 increasing potential exposure to both increase flood and drought hazards (increasing P95 10 combined with decreasing P5). Unfortunately, these regions are dominantly highly populated 11 parts of the globe, the residence of around 29.6% of the world's current population, or more 12 than 2.1 billion people ( Table 2 show increase in potential for both flood and drought hazards. Regions projected to experience 8 simultaneous increases in both flood and drought chances as a result of change in streamflow 9 distribution, are highly populated parts of the globe, even though covering a small fraction of 10 global land area. A world 2°C warmer than the pre-industrial era will still face increases in 11 flood and drought in most regions. However, the GCM and GHM ensemble projects that 4°C 12 of warming will bring nearly twice as much increase in the magnitude of high and low 13 streamflow extremes that, in many densely populated areas, are likely to correspond to 14 high-impact flood and droughts. Gerten, D., Gomes, S., Gosling, S. N., Hagemann, S., Hanasaki, N., Harding, R., Heinke, J., Kabat, P., Koirala, S., Toreti, A., Naveau, P., Zampieri, M., Schindler, A., Scoccimarro, E., Xoplaki, E., Dijkstra, H. A., Gualdi, S. and 
